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(57) ABSTRACT

A vacuum pump comprises an exhaust portion having a
plurality of rotating blade portions arranged in multiple
stages, each of the rotating blade portions having a plurality
of rotor blades, and a plurality of stationary blade portions
arranged between the rotating blade portions, in which outer
circumferential rims are supported via spacers, each of the
stationary blade portions having a plurality of stator blades.
In at least one stationary blade portion among the plurality
of stationary blade portions, a blade height on the inner
circumferential side of the plurality of stator blades provided
in the stationary blade portion is set to be smaller than a
blade height on the outer circumferential side, and the
stationary blade portion is supported by the spacers in such
a manner that the inner circumferential side of the stationary
blade portion is floated up toward an intake port side.

4 Claims, 13 Drawing Sheets
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1
VACUUM PUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a vacuum pump having an
exhaust portion formed by rotating blade portions and
stationary blade portions.

2. Description of the Related Art

In a vacuum pump such as a turbo-molecular pump, a
rotor having rotating blade portions arranged in multiple
stages is rotated at high speed in a pump container formed
by a casing member and a base member, and a gas molecule
is moved from the intake port side to the exhaust port side
by the rotating blade portions and stationary blade portions
arranged between the stages of the rotating blade portions.

Each stage of the rotating blade portions has rotor blades,
and each stage of the stationary blade portions has stator
blades. The stationary blade portions are supported at pre-
determined intervals by spacers arranged on the outer cir-
cumferential side of the stationary blade portions. The
stationary blade portions are formed into one ring shape by
combining a pair of halved ring shape members. That is, one
ring is formed by abutting two side end surfaces each other
in the radial direction of the halved ring shape members. The
rotor blades and the stator blades are formed so as to be
inclined with respect to a rotation surface of the rotor. Gaps
of predetermined dimension are provided between the rotor
blades and the stator blades.

As a method of manufacturing the stationary blade por-
tions, there are a method of forming by mechanical working
and a method of forming by plastic working. The method of
manufacturing by the plastic working is advantageous in
terms of cost.

In the method of forming by the plastic working, a
plurality of stator blades formed by pressing a plate and
arranged at a predetermined inclination angle along the
circumferential direction is coupled by an inner circumfer-
ential rim serving as an inner circumferential edge and an
outer circumferential rim serving as an outer circumferential
edge, so that a stationary blade portion is manufactured (for
example, refer to JP 2008-144694 A).

Due to variation at the time of the working, in the
stationary blade portion supported by spacers, the side of the
inner circumferential rim is displaced in the axial direction
of'a rotor with respect to the side of the outer circumferential
rim. By this displacement, a risk that the stationary blade
portions are brought into contact into the rotating blade
portions is generated.

SUMMARY OF THE INVENTION

A vacuum pump comprises: an exhaust portion having a
plurality of rotating blade portions arranged in multiple
stages, each of the rotating blade portions having a plurality
of rotor blades, and a plurality of stationary blade portions
arranged between the rotating blade portions, in which outer
circumferential rims are supported via spacers, each of the
stationary blade portions having a plurality of stator blades.
In at least one stationary blade portion among the plurality
of stationary blade portions, a blade height on the inner
circumferential side of the plurality of stator blades provided
in the stationary blade portion is set to be smaller than a
blade height on the outer circumferential side, and the
stationary blade portion is supported by the spacers in such
a manner that the inner circumferential side of the stationary
blade portion is floated up toward an intake port side.
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The stationary blade portion includes an inner circumfer-
ential rim and the outer circumferential rim, the stator blades
are provided between the inner circumferential rim and the
outer circumferential rim, and by bending an outer circum-
ferential edge of the outer circumferential rim, by a prede-
termined inclination angle, in the direction of upper surfaces
of the stator blades from the outer circumferential rim, the
inner circumferential rim is floated up to the intake port side.

A floating height s of a front end of the inner circumfer-
ential rim from the outer circumferential edge satisfies a
relationship of:

(ho-hi)>s

in a case where the blade height on the outer circumfer-
ential side of the stator blades is ho and the blade height on
the inner circumferential side of the stator blades is hi.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a turbo-molecular pump
serving as one embodiment of a vacuum pump according to
this invention;

FIG. 2 is an enlarged view of a region II in FIG. 1;

FIG. 3 is a plan view of a stationary blade portion;

FIG. 4 is a sectional view taken along line IV-IV in FIG.
3;

FIG. 5A is an enlarged perspective view of a region V in
FIG. 3, FIG. 5B is view of the stator blade when seen from
the inner circumferential side, and FIG. 5C is view of the
stator blade when seen from the outer circumferential side;

FIG. 6 is a plan view of a half-disc plate for illustrating
a manufacturing method of the stationary blade portion;

FIG. 7 is a plan view of the half-disc plate for illustrating
a step following FIG. 6;

FIG. 8 is an enlarged view of a region VIII in FIG. 7,

FIG. 9A is a plan view of a punch, and FIG. 9B is a
perspective view of the punch;

FIG. 10A is a plan view of a die, and FIG. 10B is a
perspective view of the die;

FIG. 11 is views for illustrating a method of manufactur-
ing a stator blade by drawing with using a punch PU and a
die DI, FIG. 11A is a sectional view taken along line
XlIa-XIa in FIG. 3 at the time of the drawing, and FIG. 11B
is a sectional view taken along line XIb-XIb in FIG. 3 at the
time of the drawing;

FIG. 12 is an enlarged perspective view of Embodiment
2 in major parts of the stationary blade portion of the present
invention; and

FIG. 13 is an enlarged perspective view of Embodiment
3 in the major parts of the stationary blade portion of the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiment 1

Hereinafter, referring to the drawings, a vacuum pump
according to the present invention will be described with a
turbo-molecular pump as one embodiment.

(Entire Configuration of Vacuum Pump)

FIG. 1 is a sectional view of a turbo-molecular pump 1,
and FIG. 2 is an enlarged view of a region II in FIG. 1.

The turbo-molecular pump 1 includes a pump container
11 formed by a casing member 12 and a base 13 fixed to the
casing member 12.
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The casing member 12 has a substantially cylindrical
shape, and formed by for example SUS, and an upper flange
21 is formed in an upper end. A disc shape intake port 15 is
formed on the inner side of the upper flange 21 of the casing
member 12. Through holes 22 for bolt insertion are formed
in the upper flange 21 at substantially equal intervals along
the circumferential direction. The turbo-molecular pump 1 is
attached to an external device such as semiconductor manu-
facturing device by inserting bolts 92 into the through holes
22 of the upper flange 21.

A rotor 4 and a rotor shaft 5 attached coaxially with an
axis of the rotor 4 are accommodated in the pump container
11. The rotor 4 and the rotor shaft 5 are fixed by bolts 91.

The rotor 4 includes a rotor upper portion 4A, and a rotor
lower portion cylindrical portion 4B jointed to a lower
surface of the rotor upper portion 4A. The rotor upper
portion 4A is made of for example an aluminum alloy. In the
rotor upper portion 4A, a plurality of rotating blade portions
6 formed in a radial manner and arranged in the circumfer-
ential direction is arranged in multiple stages at intervals in
the axial direction of the rotor 4. The rotating blade portions
6 are formed at a predetermined inclination angle with
respect to a rotation surface of the rotating blade portions 6.
Stationary blade portions 70 are arranged between the stages
of the plurality of rotating blade portions 6.

Although details will be described later, the stationary
blade portions 70 are formed into one ring shape by com-
bining a pair of halved ring shape members having a
plurality of stator blades 71 arranged along the circumfer-
ential direction (refer to FIG. 5A, FIG. 5B and FIG. 5C).
Each of the stationary blade portions 70 is nipped by
ring-shaped spacers 8 arranged along an inner circumferen-
tial surface of the casing member 12, and the stationary
blade portions are laminated in multiple stages (seven stages
in the example shown in the figure). An upper surface of the
uppermost spacer 8 is abutted with an inner part upper wall
portion 21a on the inner surface side of the upper flange 21
of the casing member 12, and a lower surface of the
lowermost spacer 8 is abutted with an abutting portion 13al
provided on an upper surface of an upper flange 134 of the
base 13. Therefore, the stationary blade portions 70 are
given force in the rotation shaft direction and supported via
the spacers 8 between the inner part upper wall portion 21a
of the casing member 12 and the upper surface of the upper
flange 13a of the base 13. In such a way, the rotating blade
portions 6 and the stationary blade portions 70 are alter-
nately laminated in multiple stages, so as to form a high-
vacuum blade exhaust portion.

A ring shape threaded stator 9 is fixed to the base 13 by
bolts 94 on the outer circumferential side of the rotor lower
portion cylindrical portion 4B. A threaded groove portion 9a
is formed in the threaded stator 9. A low-vacuum threaded
groove exhaust portion is formed by the rotor lower portion
cylindrical portion 4B of the rotor 4 and the threaded stator
9

It should be noted that although the structure of forming
the threaded groove portion 9a in the threaded stator 9 is
shown as an example in FIG. 1, the threaded groove portion
9a may be formed on an outer circumferential surface of the
rotor lower portion cylindrical portion 4B.

The base 13 is made of for example an aluminum alloy,
and a center tube portion 14 in which a disc shape hollow
part is formed for inserting the rotor shaft 5 is formed in a
center part of the base 13. On the inner side of the center tube
portion 14, a motor 35, (two) radial magnetic bearings 31, (a
pair of upper and lower) thrust magnetic bearings 32, radial
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displacement sensors 33a, 335, an axial displacement sensor
33¢, mechanical bearings 34, 36, and a rotor disc 38 are
attached.

The rotor shaft 5 is supported by the (two) radial magnetic
bearings 31 and the (pair of upper and lower) thrust mag-
netic bearings 32 in non-contact manner. A position of the
rotor shaft 5 at the time of rotation is controlled based on a
radial position and an axial position detected by the radial
displacement sensors 33a, 335 and the axial displacement
sensor 33¢. The rotor shaft 5 rotatably and magnetically
floated up by the magnetic bearings 31, 32 is driven and
rotated at high speed by the motor 35. By driving and
rotating the rotor shaft 5, the rotor upper portion 4A coupled
to the rotor shaft 5 is rotated and all the rotating blade
portions 6 are integrally rotated.

The mechanical bearings 34, 36 are mechanical bearings
for emergency, and when the magnetic bearings 31, 32 are
not operated, the rotor shaft 5 is supported by the mechanical
bearings 34, 36.

An exhaust port 16 is provided in the base 13, and an
exhaust opening 164 is provided in the exhaust port 16.

A lower flange 23 of the casing member 12 and an upper
flange 134 of the base 13 are fixed by bolts 93 through a seal
member 42, so that the pump container 11 is formed.

As described above, the vacuum pump of the embodiment
is a vacuum pump having an exhaust function portion in
which the stationary blade portions 70 supported by the
spacers 8 are respectively arranged between the rotating
blade portions 6 arranged in multiple stages.

Hereinafter, the stationary blade portions 70 will be
described in detail.

(Description of Stationary Blade Portion 70)

FIG. 3 is a plan view of the stationary blade portion 70
shown in FIG. 1, FIG. 4 is a sectional view taken along line
IV-IV in FIG. 3, FIG. 5A is an enlarged perspective view of
a region V in FIG. 3, FIG. 5B is view of the stator blade
when seen from the inner circumferential side, and FIG. 5C
is view of the stator blade when seen from the outer
circumferential side.

The stationary blade portion 70 is formed by combining
two divided stationary blade portions 70A, 70B serving as
the halved ring shape members. The divided stationary blade
portions 70A, 70B are formed into the same shape. Each of
the divided stationary blade portions 70A, 70B has an
opening 79 in a center part, and serves as a half annular body
in a plan view (hereinafter, also referred to as a half-disc
shape for convenience). The divided stationary blade por-
tions 70A, 70B include an outer circumferential rim 73, an
inner circumferential rim 72, and a plurality of stator blades
71 extended in a radial manner with predetermined width in
the circumferential direction between the outer circumfer-
ential rim 73 and the inner circumferential rim 72.
(Detailed Description of Stator Blade 71)

Although details will be described later, the stator blades
71 of this embodiment are manufactured by drawing. As
shown in FIGS. 4 and 5, the stator blades 71 formed in the
divided stationary blade portions 70A, 70B are extended in
a radial manner with predetermined width in the circumfer-
ential direction between the outer circumferential rim 73 and
the inner circumferential rim 72, and inclined at a predeter-
mined blade angle with respect to a stationary blade portion
main body 70H so as to forma plurality of exhaust openings
78. That is, the stator blade 71 stands from and is connected
to the stationary blade portion main body 70H in a bent
portion 70R extended linearly in the radial direction on a
plane of the stationary blade portion main body 70H. The
stator blade 71 is separated from the stationary blade portion



US 9,470,235 B2

5

main body 70H on the side of a front end side portion 77
which is the opposite side of the stationary blade portion
main body 70H. A height of the front end side portion 77 of
the stator blade 71 from the stationary blade portion main
body 70H, that is, a blade height is formed to be higher on
the outer circumferential side than the inner circumferential
side.

The stator blade 71 is formed into a rectangular shape
elongated in the radial direction in a plan view. This rect-
angular shape is formed by the bent portion 70R serving as
a long side, the front end side portion 77 serving as a long
side, an outer circumferential side end 71So serving as a
short side, and an inner circumferential side end 71Si
serving as a short side.

The divided stationary blade portions 70A, 70B respec-
tively include inner circumferential side support portions 75
for connecting the inner circumferential side ends 71Si of
the stator blades 71 to the inner circumferential rim 72, and
outer circumferential side support portions 76 for connecting
the outer circumferential side ends 71So of the stator blades
71 to the outer circumferential rim 73.

The inner circumferential side support portion 75 is
formed over the entire length of the inner circumferential
side end 718Si of the stator blade 71. The outer circumfer-
ential side support portion 76 is formed in correspondence to
a part of the outer circumferential side end 71So of the stator
blade 71. That is, the outer circumferential side support
portion 76 is provided from the bent portion 70R where the
stator blade 71 is bent from the stationary blade portion main
body 70H to an intermediate part of the front end side
portion 77, and a cutout K is provided on the front end side.
The cutout K communicates with the exhaust opening 78
provided between the front end side portion 77 and the
stationary blade portion main body 70H.

As described above, since the stator blade 71 is supported
by the outer circumferential side support portion 76 con-
nected to the outer circumferential rim 73 and the inner
circumferential side support portion 75 connected to the
inner circumferential rim 72, the stator blade has large
rigidity. The blade height is greater on the outer circumfer-
ential side than the inner circumferential side. However,
since the cutout K is formed in the outer circumferential side
end 7180 on the side of the front end side portion 77,
generation of cracking in the outer circumferential side
support portion 76 can be suppressed at the time of the
drawing.

As shown in FIG. 5A, FIG. 5B and FIG. 5C, in the divided
stationary blade portion 70A, an outer circumferential edge
73a, that is, a spacer nipping region of an outer circumfer-
ential edge of the outer circumferential rim 73 is bent toward
the side of the stator blade 71.

FIG. 2 shows a state where the outer circumferential edge
73a of the stationary blade portion 70 is supported via the
spacers 8 between the inner part upper wall portion 21a of
the casing member 12 and the upper surface of the upper
flange 13a of the base 13. Since the outer circumferential
edge 73a is nipped by the spacers 8, the divided stationary
blade portions 70A, 70B are supported in such a manner that
the side of the inner circumferential rim 72 is floated up
toward the side of the intake port 15, in other words, the side
of the rotating blade portion 6 on the upper stage side.

As shown in FIG. 2, the divided stationary blade portions
70A, 70B are set in such a manner that a gap do between an
upper surface of the stator blade 71 on the outer circumfer-
ential side and a lower surface of the rotating blade portion
6 on the upper stage side is substantially equal to a gap d
between a lower surface of the stationary blade portion main
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body 70H on the outer circumferential side and an upper
surface of the rotating blade portion 6 on the lower stage
side. As described above, regarding the blade height of the
stator blade 71 of the divided stationary blade portions 70A,
70B, a blade height hi on the inner circumferential side is
smaller than a blade height ho on the outer circumferential
side. That is, a gap di between an upper surface on the inner
circumferential side of the stator blade 71 and the lower
surface of the rotating blade portion 6 on the upper stage side
is larger than a gap do between the upper surface of the stator
blade 71 on the outer circumferential side and the lower
surface of the rotating blade portion 6 on the upper stage
side.

By floating up the side of the inner circumferential rim 72
of'the divided stationary blade portions 70A, 70B, the gap d
between the lower surface of the stationary blade portion
main body 70H and the upper surface of the rotating blade
portion 6 on the lower stage side is extended, and the gap di
between the upper surface of the stator blade 71 and the
lower surface of the rotating blade portion 6 on the upper
stage side is narrowed down. However, originally, the gap di
between the upper surface of the stator blade 71 on the inner
circumferential side and the lower surface of the rotating
blade portion 6 on the upper stage side is large and has extra
room. That is, by floating up the inner circumferential side
of the divided stationary blade portions 70A, 70B, the stator
blade 71 is displaced in the direction in which the gaps
between the stator blade 71 and the rotating blade portions
6 in the upper and lower stages are equal to each other.
Therefore, contact between the divided stationary blade
portions 70A, 70B and the rotating blade portions 6 can be
prevented.

As shown in FIG. 2, a floating height s on the inner
circumferential side from the outer circumferential edge 73a
of'the stationary blade portion main body 70H in the divided
stationary blade portions 70A, 70B satisfies a relationship
of:

(ho-hi)>s

in a case where the blade height on the outer circumfer-
ential side of the stator blade 71 is ho and the blade height
on the inner circumferential side of the stator blade 71 is hi.
As long as this condition is satisfied, the gap di between the
upper surface on the inner circumferential side of the stator
blade 71 and the lower surface of the rotating blade portion
6 on the upper stage side is never smaller than the gap do
between the upper surface of the stator blade 71 on the outer
circumferential side and the lower surface of the rotating
blade portion 6 on the upper stage side. The contact with the
rotating blade portions 6 can be reliably prevented.
(Manufacturing Method of Divided Stationary Blade Por-
tion)

Next, referring to FIGS. 6 to 11, a manufacturing method
of the divided stationary blade portions 70A, 70B will be
described.

The divided stationary blade portions 70A and 70B are
manufactured by the same manufacturing method. A manu-
facturing method of the divided stationary blade portion 70A
as a representative will be described.

This manufacturing method includes a step of preparing a
half-disc plate 70P, a step of forming radial cut lines 81 in
the half-disc plate 70P, a step of forming openings 82 in the
circumferential direction in outermost circumferential parts
of the radial cut lines 81 of the half-disc plate 70P, a step of
forming the stator blades 71 by the drawing, and a step of
bending the outer circumferential edge 73a of the half-disc
plate 70P.
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Firstly, the half-disc plate 70P serving as a metal half-disc
member in which the half-disc opening 79 is provided on the
inner circumferential side is prepared. An aluminum alloy,
stainless steel, and the like can be used as a material of the
half-disc plate 70P.

As shown in FIG. 6, the plurality of straight cut lines 81
is formed in a radial manner in the half-disc plate 70P. The
cut lines 81 can be formed by pressing or etching. The cut
lines 81 serve as the front end side portions 77 after the
drawing.

Next, as shown in FIG. 7, the substantially rectangular
openings 82 along an outer circumferential surface 74 of the
half-disc plate 70P are formed in outer circumferential ends
of the cut lines 81. Although the openings 82 are formed by
the pressing for efficiency, the openings may be formed by
the etching. The openings 82 serve as the cutouts K after the
drawing.

By a die and a punch, the stator blades 71 are drawn from
the half-disc plate 70P. Hereinafter, referring to FIGS. 8 to
11, the drawing will be described in detail.

FIG. 8 is an enlarged view of a region VIII in FIG. 7. In
FIG. 8, a region 76a shown by hatching is a region becoming
the outer circumferential side support portion 76 for con-
necting the stationary blade portion main body 70H and the
outer circumferential rim 73 by the drawing. A length lo of
the opening 82 is desirably less than a half of a length L. of
the entire outer circumferential side end 71So of the stator
blade 71.

FIG. 9A is a plan view of the punch, FIG. 9B is a
perspective view of the punch, FIG. 10A is a plan view of
the die, and FIG. 10B is a perspective view of the die. FIGS.
11A and 11B are views for illustrating the method of forming
the stator blade 71 by the drawing with using a punch PU
and a die DI, FIG. 11A is a sectional view taken along line
Xla-XIa in FIG. 3 at the time of the drawing, and FIG. 11B
is a sectional view taken along line XIb-XIb in FIG. 3 at the
time of the drawing.

As shown in FIGS. 9A, 9B, 11A, and 11B, the punch PU
has an inclined portion PU1 projecting toward the lower
surface side of the stator blade 71 from the outer circum-
ferential rim 73 for forming the outer circumferential side
support portion 76 of the stator blade 71. The punch also has
an inclined portion PU2 projecting toward the lower surface
side of the stator blade 71 from the inner circumferential rim
72 for forming the inner circumferential side support portion
75 of the stator blade 71. The punch PU includes a punch
main body portion PU3 having an inclined surface PU3a
projecting toward the front end side portion 77 from the bent
portion 70R of the stationary blade portion main body 70H
of the stator blade 71, the inclined surface PU3a being
formed to be upgrade toward the outer circumferential rim
73 from the inner circumferential rim 72. An abutting end
PU3b substantially parallel to the axial direction of the rotor
shaft 5 is formed at a position of the punch main body
portion PU3 corresponding to the front end side portion 77.
The abutting end PU3b is to separate the front end side
portion 77 of the stator blade 71 from the stationary blade
portion main body 70H.

As shown in FIGS. 10A, 10B, 11A, and 11B, the die DI
has an inclined portion DIl recessed toward the upper
surface side of the stator blade 71 from the outer circum-
ferential rim 73 for forming the outer circumferential side
support portion 76 of the stator blade 71. The die also has an
inclined portion DI2 recessed toward the upper surface side
of the stator blade 71 from the inner circumferential rim 72
for forming the inner circumferential side support portion 75
of the stator blade 71. The die DI includes a die main body
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portion DI3 having an inclined surface DI3a recessed toward
the front end side portion 77 from the bent portion 70R of
the stationary blade portion main body 70H of the stator
blade 71, the inclined surface being formed to be downgrade
toward the outer circumferential rim 73 from the inner
circumferential rim 72. An abutting end DI3b substantially
parallel to the axial direction of the rotor shaft 5 is formed
at a position of the die main body portion DI3 corresponding
to the front end side portion 77. The abutting end DI3b is to
separate the front end side portion 77 of the stator blade 71
from the stationary blade portion main body 70H.

The half-disc plate 70P is set on the die DI, the punch PU
is pushed out in the arrow direction, and the drawing is
performed to the half-disc plate 70P, so that the stator blade
71 is manufactured. In this drawing, a three-dimensional
plastic flow is generated in the region 76a of the diagonal
lines of FIG. 8, so that the outer circumferential side support
portion 76 is formed. By the plastic deformation of the
region 76a, the opening 82 is three-dimensionally deformed
in the blade height direction from a flat shape, so that the
cutout K is formed.

The stationary blade portion main body 70H stands up
from the bent portion 70R (refer to FIG. 6) into an inclined
shape in such a manner that the cut line 81 formed in the
half-disc plate 70P becomes the front end side portion 77, so
that the stator blade 71 is formed. A space between the front
end side portion 77 of the standing stator blade 71 and the
stationary blade portion main body 70H becomes the
exhaust opening 78 (refer to FIG. 5, FIG. 5B and FIG. 5C).
The cutout K formed in an outer circumferential side part of
the stator blade 71 is formed so as to be connected continu-
ously to the exhaust opening 78.

After that, by the pressing, the outer circumferential edge
73a of the stationary blade portion main body 70H is bent
toward the side of the stator blade 71. Thereby, the divided
stationary blade portions 70A, 70B are formed.

In general, the gap do between the upper surface of the
stator blade 71 and the lower surface of the rotating blade
portion 6 on the upper stage side and the gap d between the
lower surface of the stationary blade portion main body 70H
and the upper surface of the rotating blade portion 6 on the
lower stage side are about 0.5 to 1.0 mm. A difference
(ho-hi) between the blade height ho on the outer circum-
ferential side of the stator blade 71 and the blade height hi
on the inner circumferential side is about 1.5 to 2.0 mm. A
bent angle of the outer circumferential edge 73a is such an
angle that a float-up amount on the inner circumferential
side of the stator blade 71 does not exceed 1.5 to 2.0 mm.

As described above, according to the above embodiment,
the following effects are obtained.

In the vacuum pump according to the present invention,
in the stationary blade portion 70, the outer circumferential
edge 73a is supported in such a manner that the inner
circumferential side thereof is floated up toward the upper
side in the axial direction of the rotor shaft 5, in other words,
toward the side of the intake port 15, and the stationary blade
portion 70 is supported in a float-up state. In the stator blade
71 provided in the stationary blade portion 70, the blade
height ho on the outer circumferential side is greater than the
blade height hi on the inner circumferential side, and the gap
di from the rotating blade portion 6 on the upper stage side
serving as the side of the intake port 15 is larger than the gap
d from the rotating blade portion 6 on the lower stage side
on the inner circumferential side of the stator blade 71. The
inner circumferential side of the stator blade 71 is supported
in a state that is displaced to the side of the rotating blade
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portion 6 on the upper stage side where the gap di is large.
Thus, the contact with the rotating blade portion 6 can be
reliably prevented.

The outer circumferential edge 73a of the divided sta-
tionary blade portion 70A is bent by plating which is plastic
working. Therefore, productivity is favorable and advanta-
geous in terms of cost.

Embodiment 2

FIG. 12 is an enlarged perspective view of Embodiment
2 in major parts of the stationary blade portion of the present
invention.

In Embodiment 2, different points from Embodiment 1 are
as follows.

In the divided stationary blade portion 70A, an outer
circumferential side support portion 76A for connecting the
stator blade 71 and the outer circumferential rim 73 is
formed over the entire length of the outer circumferential
side end 7180 of the stator blade 71 as well as the inner
circumferential side support portion 75. That is, the cutout K
formed in Embodiment 1 for separating the front end side
portion 77 from the outer circumferential side support
portion 76 is not provided.

In a case where a blade height of the outer circumferential
side support portion 76A is not really high, without provid-
ing the cutout K for separating the front end side portion 77
of the stator blade 71 from the outer circumferential side
support portion 76, no cracking is generated in the outer
circumferential side support portion 76A. Therefore, by
providing the outer circumferential side support portion 76 A
over the entire length of the outer circumferential side end
7180 of the stator blade 71, rigidity can be enhanced.

In Embodiment 2, the outer circumferential edge 73a of
the divided stationary blade portion 70A is bent toward the
side of the stator blade 71 with respect to the inner circum-
ferential side thereof. Therefore, as well as Embodiment 1,
the inner circumferential side of the stator blade 71 is
supported in a state that is displaced to the side of the
rotating blade portion 6 on the upper stage side where the
gap di is large. Thus, the contact with the rotating blade
portion 6 can be reliably prevented.

Other elements are the same as Embodiment 1, corre-
sponding configurations are given the same reference signs,
and description thereof will be omitted.

Embodiment 3

FIG. 13 is an enlarged perspective view of Embodiment
3 in the major parts of the stationary blade portion of the
present invention.

Embodiment 3 is different from Embodiment 1 at the
following points.

The divided stationary blade portion 70A includes no
outer circumferential side support portion 76 for connecting
the outer circumferential side end 71So of the stator blade 71
and the outer circumferential rim 73, and no inner circum-
ferential side support portion 75 for connecting the inner
circumferential side end 71Si of the stator blade 71 and the
inner circumferential rim. 72. That is, the inner and outer
circumferential side ends 71Si, 71So of the stator blade 71
are respectively separated from the inner and outer circum-
ferential rims 72, 73 over the entire length.

In a case where the blade height of the stator blade 71
from the stationary blade portion main body 70H is not
really high, there is no need for providing the inner and outer
circumferential side support portions 75, 76.
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Thereby, a die can be inexpensive and production effi-
ciency can be enhanced.

Also in Embodiment 3, the outer circumferential edge 73a
of the divided stationary blade portion 70A is bent toward
the side of the stator blade 71 with respect to the inner
circumferential side thereof. Therefore, as well as Embodi-
ment 1, the inner circumferential side of the stator blade 71
is supported in a state that is displaced to the side of the
rotating blade portion 6 on the upper stage side where the
gap di is large. Thus, the contact with the rotating blade
portion 6 can be reliably prevented.

Other elements are the same as Embodiment 1, corre-
sponding configurations are given the same reference signs,
and description thereof will be omitted.

It should be noted that upon bending the outer circum-
ferential edge 73a of the stationary blade portion 70 in such
a manner that the inner circumferential side is floated up
toward the side of the intake port 15, at least one stage of the
stationary blade portions 70 arranged in multiple stages in
the axial direction of the rotor shaft 5 may be bent (two,
three, or all the stages of the stationary blade portions may
be bent).

As described above, regarding the stationary blade por-
tions 70, the blade height is formed to be higher on the upper
stage side than the lower stage side in the stationary blade
portions 70 arranged in multiple stages in the axial direction.

Therefore, the stationary blade portions 70 shown in
Embodiments 1 to 3 may be differentiated in each stage. For
example, the stationary blade portions 70 of Embodiment 1,
Embodiment 2, and Embodiment 3 can be arranged in this
order from the upper stage toward the lower stage side. An
uppermost stator blade 71la may be the stationary blade
portion 70 manufactured by mechanical working.

In the example of the above embodiment, the uppermost
stationary blade portion 70 is nipped by the spacers 8.
However, an upper surface of the uppermost stationary blade
portion 70 may be supported by the inner part upper wall
portion 21a of the casing member 12. In the example, a
lower surface of the lowermost stationary blade portion 70
is supported by the abutting portion 13al provided in the
upper flange 13a of the base 13. However, the spacer 8 may
be installed in the upper flange 13a of the base 13 and the
lower surface of the lowermost stationary blade portion 70
may be supported by this spacer 8.

The divided stationary blade portions 70A, 70B may be
manufactured partly or entirely by the mechanical working.
In particular, the outer circumferential edge 73a of the
stationary blade portion 70 supported by the spacers 8 may
be formed by grinding or the like at an angle inclined with
respect to the stationary blade portion main body 70H.

The divided stationary blade portions 70A, 70B are not
necessarily halved parts but may be a plurality of divided
parts.

In the example of the above embodiment, the compound
type turbo-molecular pump including the blade exhaust
portion and the threaded groove exhaust portion is shown as
an example of a vacuum pump. However, the present
invention can also be applied to a vacuum pump including
only a blade exhaust portion.

In addition, the present invention can be applied with
various modifications within a range of the gist of the
invention. That is, the present invention may be a vacuum
pump having an exhaust portion formed by rotating blade
portions and stationary blade portions, each of the stationary
blade portions has a plurality of stator blades arranged in a
stationary blade portion main body in the circumferential
direction, in which a blade height on the outer circumfer-
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ential side is greater than a blade height on the inner
circumferential side, and an outer circumferential edge of at
least one of the stationary blade portions is supported in such
a manner that the inner circumferential side is floated up
toward the intake port side.
What is claimed is:
1. A vacuum pump comprising:
an exhaust portion having a plurality of rotating blade
portions arranged in multiple stages, each of the rotat-
ing blade portions having a plurality of rotor blades,
and a plurality of stationary blade portions arranged
between the rotating blade portions, in which outer
circumferential rims are supported via spacers, each of
the stationary blade portions having a plurality of stator
blades, wherein
in at least one stationary blade portion among the plurality
of stationary blade portions, a blade height on the inner
circumferential side of the plurality of stator blades
provided in the stationary blade portion is set to be
smaller than a blade height on the outer circumferential
side of the plurality of stator blades, and
in the at least one stationary blade portion the gap between
the upper surface of the stationary blade portion on the
inner circumferential side and the lower surface of the
rotating blade portion on the upper stage side is larger
than the gap between the lower surface of the stationary
blade portion on the inner circumferential side and the
upper surface of the rotating blade portion on the lower
stage side, the stationary blade portion is supported by
the spacers in such a manner that the inner circumfer-
ential side of the stationary blade portion is floated up
toward an intake port side.
2. The vacuum pump according to claim 1, wherein
the stationary blade portion includes an inner circumfer-
ential rim and the outer circumferential rim, the stator
blades are provided between the inner circumferential
rim and the outer circumferential rim, and
by bending an outer circumferential edge of the outer
circumferential rim, by a predetermined inclination
angle, in the direction of upper surfaces of the stator
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blades from the outer circumferential rim, the inner
circumferential rim is floated up to the intake port side.
3. The vacuum pump according to claim 1, wherein
a floating height s of a front end of the inner circumfer-
ential rim from the outer circumferential edge satisfies
a relationship of:

(ho-hi)>s

in a case where the blade height on the outer circumfer-
ential side of the stator blades is ho and the blade height
on the inner circumferential side of the stator blades is
hi.

4. A vacuum pump comprising:

an exhaust portion having a plurality of rotating blade
portions arranged in multiple stages, each of the rotat-
ing blade portions having a plurality of rotor blades,
and a plurality of stationary blade portions arranged
between the rotating blade portions, in which outer
circumferential rims are supported via spacers, each of
the stationary blade portions having a plurality of stator
blades, wherein

in at least one stationary blade portion among the plurality
of stationary blade portions, a blade height on the inner
circumferential side of the plurality of stator blades
provided in the stationary blade portion is set to be
smaller than a blade height on the outer circumferential
side of the plurality of stator blades, and

in the at least one stationary blade portion the gap between
the upper surface of the stationary blade portion on the
inner circumferential side and the lower surface of the
rotating blade portion on the upper stage side is larger
than the gap between the lower surface of the stationary
blade portion on the inner circumferential side and the
upper surface of the rotating blade portion on the lower
stage side, the stationary blade portion is supported by
the spacers in such a manner that the inner circumfer-
ential side of the stationary blade portion is floated up
toward a side of the rotating blade portion on an upper
stage side.



